Abstract-Most of the formalisms of fuzzy cognitive maps (FCM) that had been proposed and applied in the past are relatively simple in the sense that they handle the various interacting and time-varying concepts as zeroth-order dynamical components. That is, they do not accommodate time delays and growth exponential time constants. In modeling real life systems, especially in the general domain of socio-politico-economics, the time delays are often important and need to be accounted. Also, the various sensitivities associating the system concepts may be time dependent. In the present work, a previously proposed FCM has been extended to include time delays, time constants and timedependent sensitivities. The system has been applied to the Cyprus politico-economic dynamics, with emphasis on possible scenarios involving the finding and exploitation of oil/gas in the exclusive economic zone of Cyprus. The existence of natural gasestimated at about 7 trillion cubic feet -has recently been preliminarily verified. In the interrelated dynamics, various important dynamical parameters have been taken into account, reflecting the interests of primarily the republic of Cyprus, as well as the interests of the Greek and Turkish Cypriot communities and other countries involved, such as Greece, Turkey, United Kingdom, USA, Russia, Israel and the European Union. The main parameters that had been considered in the interrelated dynamics are nationalism, religiousness, unemployment, external debt, oil extraction and the general interests of the countries involved and those of the two communities.
INTRODUCTION
Most of the fuzzy cognitive map (FCM) algorithms that had been proposed and applied are relatively simple and not able to capture important characteristics of real systems that embody time delay features. Indeed, in most such systems, when a change occurs in a concept, the effect on the other concepts is considered to happen instantly. For example, a decision for an immediate enforcement of a law requiring that all drivers should use a safety belt, does not immediately result into a substantial decrease in accident deaths, nor the incomes of the belt manufacturers increases instantly. There may be some dead time during which there is not much influence from an input concept change (e.g. the new law) to a measurable change in the output concept (e.g. the frequency of accident deaths). Thus, the classic FCMs handle the various interacting and time-varying concepts as zeroth-order dynamical components. Also, as time passes and a dynamical system evolves the various sensitivities associating the system concepts, may be time dependent.
A new system of FCM dynamics has been developed and is proposed in the present report. The system can be used to study the effects of a change in any parameter or a combination of parameters, on the growth and stability of the remaining parameters over time, when time delays may also exist. To verify the use of this system, a case study related to the Cyprus socio-politico-economic dynamics, with emphasis on possible scenarios involving the finding and exploitation of oil/gas in the exclusive economic zone of Cyprus, has been implemented. This is interesting, as the existence of natural gas that is estimated to be of the order of 7 trillion cubic feet, has recently been preliminarily verified.
In the interrelated dynamics, various important dynamical parameters have been taken into account, that reflect the interests of the republic of Cyprus, as well as the constituent Greek and Turkish Cypriot communities, and other countries involved such as Greece, Turkey, United Kingdom, USA, Russia, Israel and the European Union. The main parameters that had been considered are nationalism, religiousness, unemployment, external debt, oil extraction and the general interests of the countries involved and those of the two communities. Different scenarios on the effects of natural gas/oil extraction on the economies, politics and military involvements had been implemented.
Cyprus is a small island in the Eastern Mediterranean. It has about 1,000,000 inhabitants. The population consists of approximately 78% Greek-Cypriots, 18% Turkish-Cypriots and the remaining 4% are Armenian, Maronite and Latin-Cypriots. Turkish and Greek Cypriots lived mostly harmoniously for almost five centuries. Since the early 1960s and more intensely after July 1974, when Turkey militarily invaded the island, there had been political problems between the two dominant communities. Turkey still occupies about one third of the terri-tory of the Republic of Cyprus.
The dynamics involved in the socio-politico-economics of the island are related to the interests of both the Greek and Turkish-Cypriot communities as well as by primarily Greece, Turkey and the United Kingdom.
The accession in 2004 of Cyprus into the European Union, as well as the recent political -social unrest in the Eastern Mediterranean (Tunisia, Egypt, Libya, Jordan and Syria) has made the involvement of Europe, USA, Russia and Israel to be highly important influential-dynamical factors.
A cognitive map is a system that has a set of causal relationships among specific parameters (concepts). The concepts themselves as well as the degree of influencing factors (sensitivities) are usually vague. The system evolves in discrete time and may be used to estimate the effect of a change in the state of a specific concept on any other concept (or set of concepts). Visually, the concepts are shown to be related through directed graphs as depicted in Figure 1 . The intensity of the interrelationships among them is not clearly known, and thus, suitable membership functions may be used. Different fuzzy cognitive map paradigms had been proposed [2, 3, 4, 5, 6, 7, 8] , and different application areas have been investigated [9, 10, 11, 12, 13, 14] . In most of the applications, each concept is related to the other concepts through appropriate sensitivities (degrees of effectiveness, weights, causalities, …). Once the parameters have been identified and initialized, the system is allowed to grow through proper simulation.
II. THE NEW TIME-DEPENDENT FCM SYSTEM
Consider an FCM system of n interrelated concepts (parameters), which are related by appropriate sensitivities. Various kinds of sensitivity definitions may be used in FCM dynamical systems. These may be classified as absolute, relative, and semi-relative. The absolute sensitivity is defined by equation 1, the relative by equation 2, and the semi-relative by equation
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It is basically a measure on how much a change in the current standing of concept C i affects the changes in the standing of concept C j . The above equations can be used for the formal evaluation of the sensitivities, but also for empirical estimations. The values of the sensitivities can be constant or variable. In general, they may depend on the value of C i and time t. i.e.
The empirical estimation of the sensitivities can be obtained through direct observations, or by employing a suitable variation (excitation) of the parameters involved and observing the consequent effects. Also, more systematic approaches such as "design of experiments" techniques and the "what-if" analyses can be employed.
Even though the static relative sensitivity of equation 2 makes it easier and it is more natural to be used for real life implementations, there is a problem when the changing variable C j is nearly zero. In such a case the equation cannot be applied for realistic simulations. Instead, equation 3 may be more appropriate.
Considering the previous definitions, the total accumulated change in the activation of a concept C j due to changes in the series of concepts C i is given by:
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where, C is the activation strength of the concept of interest. s ij is the appropriate definition of sensitivity (weight) to be used (e.g. one of equations 1, 2, 3).
For a small, step change in C i , all the C j s change through some appropriate time response -typically an exponential growth. However, there may also be a time delay in the response of a C j . This time delay, as well as the exponential (or other time constant) is easier to accommodate in the values of the sensitivities. Thus, when a sensitivity s ij from concept i to concept j is zero over a given time span, then the concept C j does not respond due to changes in C i over this time span. This is equivalent to a time delay, and it is the approach that is followed in the work presented here.
These effects, may be described by finding and establishing a quad for each associationship between concept i and concept j. This quad is, in general, time-dependent, and is composed of the minimum values of sensitivities s ij,min (t), the maximun values of sensitivities s ij,max (t), the time delays D ij (t) and the time constants T ij (t). A typical relationship between these four variables is shown in Figure 2 . 
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A numerical implementation in discrete time form of the equation 5 when using the sensitivity definition of equation 3b, is given by:
C (t +dt) C (t) C C (t) C (t)s (t) C
and in iterative form can be implemented by:
where k is the iteration counter.
In the current work, the values of s ij (t) vary with time (the iteration counter k) in such a manner that accommodates the time delays D ij (t) and the time constants T ij (t).
A generic form that is proposed to be used is given by equation 8, and is shown in Figure 3. ( ) It is pointed here that the present approach is different than the approach followed by most existing FCM implementations in two respects:
i) The sensitivities are defined differently, as previously explained, and, ii) No smoothening activation functions, such as the logistic has been used. The updating is done quasi-statically and interactively until the system evolves to settlement specified by desired boundaries. Any changes in the various concepts affect either directly or indirectly all the other concepts of the system as the concept values evolve.
Figure 3. Typical relationships among smin(t), smax(t), D(t) and T(t).

III. AN FCM IMPLEMENTATION
The proposed new approach has been implemented in a study for the appraisal of the effects of oil exploration in the EEZ of Cyprus.
The functionals f 1 and f 2 in the sensitivity expression had been selected to have linear form. Thus the system growth equation 7 becomes:
For this study, 26 influencing parameters (concepts) have been used. These are shown in Table 1 . The concepts themselves and their initial values are difficult to identify and properly quantify. They are vague and not fully agreed by every person involved in the analysis and decision. Each expert views and quantifies the interrelationships in a mostly subjective and fuzzy manner.
Some form of fuzzy approximation may be employed, using persons having good knowledge (experts) on the subject and extensive experience (politicians). Furthermore, each one of them embodies a general state (and associated trend), as it is commonly employed and understood. The initial starting values are also shown in Table 1 . These have been estimated by expert for the purpose of the current study.
The sensitivity values, the time delays and the time constants that had been specified by an expert and used for the present study are shown in Tables 2, 3 , and 4.
IV. SIMULATIONS, RESULTS AND CONCLUSIONS
With the simulation tool that has been developed, we can investigate different scenarios, with different parameters and initial conditions. Here, the effects of oil exploration on the peaceful coexistence of the two main communities in Cyprus are broadly explored. For these simulations, we have used the scenario of finding oil/gas resources in the EEZ of Cyprus in the next six months, and observing the variation on nationalisms and the risk for inter-communal conflict in the next 12 months.
The effects of finding and exploring oil and/or gas, on the nationalism of the two communities, as well as on the risk of conflict -based on the sensitivities and delays used -are shown in Figures 2, 3, 4 . The initial values used (in a scale 0-100) were 20%. The exact absolute values of the parameters are not very significant, but rather the relative changes that indicate trends, and can serve as guidance to decision makers, and for better appraisal of the system dynamics. The FCM model has shown interesting trends based on the scenarios studied. Specifically, the model predicts that the nationalism of the Greek Cypriot and Turkish Cypriot communities goes in parallel. That is, they increase and decrease by the same amount at the same time. Also, it is observed that at the early months prior and immediate after the oil exploration prospects, it will oscillate somewhat, but ultimately being increased slightly, by about 0.5 % in absolute units. It is of interest though that the risk of conflict between the two communities, after some ups and downs, will ultimately reduce by about 0.5 % in absolute units and settle to about 19.5%. Thus, the situation becomes strongly politically influenced. These results are compatible to previous findings [9] , but are shown to be less vigorous than in the results previously presented. It may be that these differences are due to the introduction of the time delays. The initially oscillatory behaviour can also be attributed to the incorporation of time delays in the model.
It is pointed that the model is based on what the experts consider as important parameters, the influencing sensitivities and the time delays, that may not necessarily be agreed by all experts. In order to make the model more reliable, one has to get more expert opinions (from politicians, journalists, historians, authoritative analysts etc). Also, results from large scale public opinion research may be incorporated into the system.
Despite that, the proposed FCM model is a highly useful tool for quick explorations, for better understanding of the dynamics involved, for more sound decisions, and for building a basis for more complicated scenarios involving timing and time scales. However, further explorations are needed to verify the credibility and to fine-tune the various parameters and processes. TABLE 2  THE SENSITIVITIES USDE FOR THE PRESENT STUDY (GC = GREEK CYPRIOT, TC = TURKISH CYPRIOT)   TABLE 3  THE TIME DELAYS USED   TABLE 4  THE TIME CONSTANTS USED 
